Microscopic approach of terahertz dielectric response of saturated hydrocarbon by molecular dynamics simulation by 常見, 太基 et al.
ศᏊືຊᏛἲ࡟ࡼࡿ㣬࿴Ⅳ໬Ỉ⣲ࡢࢸࣛ࣊ࣝࢶㄏ㟁ᛂ⟅ࡢ
ᚤどⓗ㉳※
Microscopic approach of terahertz dielectric response㻌 of㻌 saturated 
hydrocarbon by molecular dynamics simulation
ᖖぢ ኴᇶ ࠊᯘ ṇ๛ ࠊᒣᮏ ᫭ྖ ࠊ⚟஭ ୍ಇ ࠊ
㇂ ṇᙪ ࠊ⋢஭Ⰻ๎ 
Daiki Tsunemi, Shogo Hayasi, Kohji Yamamoto, Kazutoshi Fukui, 
Masahiko Tani, and Yoshinori Tamai 
㻌
⚟஭኱ᏛᕤᏛ㒊㟁Ẽ࣭㟁ᏊᕤᏛ⛉
Department of electrical and electronics Engineering, Faculty of Engineering, 
University of Fukui, 3-9-1 Bunkyo Fukui 910-8507, Japan
⚟஭኱Ꮫ㐲㉥እ⥺㡿ᇦ㛤Ⓨ◊✲ࢭࣥࢱ࣮
Research Center for Development of Far-Infrared Region, 
University of Fukui, 3-9-1 Bunkyo, Fukui 910-8507, Japan 
⚟஭኱ᏛᕤᏛ㒊≀⌮ᕤᏛ⛉
Department of Applied Physics, Faculty of Engineering, 
University of Fukui, 3-9-1 Bunkyo Fukui 910-8507, Japan

Abstract  
  We have investigated the terahertz dielectric responses of saturated hydrocarbon of n-hexane, 
2-methylpentane and cyclohexane using molecular dynamics simulation. For cyclohexane, the 
vibrational density of state obtained from the velocity autocorrelation function can partly 
explain the spectral shape of the imaginary part of the terahertz dielectric function. However, we 
failed in reproducing the terahertz spectral dependence on branching structures for normal 
alkane. The results indicate that the simple charge distribution should be modified in MD 
simulation to represent ultrafast behavior of saturated hydrocarbon.  
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研究報告１７
㸯㸬ࡣࡌࡵ࡟
㏆ᖺࠊ㏻ಙ᝟ሗ㔞ࡢᛴቑ࡟కࡗ࡚ࢹࣂ࢖ࢫࡢ㧗࿘Ἴ໬ࡀ㐍ࢇ࡛࠾ࡾࠊ≉࡟ࠊ᝟ሗ㏻ಙ
ศ㔝࡛ࡣࠊࢸࣛ࣊ࣝࢶἼࡢ㧗࠸࿘Ἴᩘࢆ฼⏝ࡋࡓ㉸㧗㏿࣭኱ᐜ㔞ࡢ↓⥺㏻ಙࡀ᭷ᮃどࡉ
ࢀ࡚࠸ࡿࠋ㧗࿘Ἴఏ㐩≉ᛶࡣࠊෆእ㒊ᑟయࡢᙧ≧ࡸᮦ㉁ࡢ࡯࠿࡟ࠊ⤯⦕య࡞࡝ࡢㄏ㟁≉
ᛶ࡟ࡼࡗ࡚Ỵࡲࡿࠋࡑࡢࡓࡵࠊ㧗࿘Ἴ㡿ᇦ࡛ࡢㄏ㟁≉ᛶࢆ▱ࡿࡇ࡜ࡣ㧗࿘Ἴᩘ㟁Ἴࡢఏ
㏦ᦆኻࢆῶᑡࡉࡏࡿᮦᩱࢆ㑅ᢥࡍࡿ㝿࡟㔜せ࡛࠶ࡿࠋ
ᮏ◊✲ᐊ࡛ࡣࠊࡇࢀࡲ࡛࡟ࠊ㣬࿴Ⅳ໬Ỉ⣲⁐፹ࡢࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศග◊✲ࢆ⾜ࡗ
࡚ࡁࡓࠋ㸴ཎᏊࡢⅣ⣲ཎᏊࢆࡶࡘࠊ㸲ࡘࡢ㣬࿴Ⅳ໬Ỉ⣲㸦n㸫࣊࢟ࢧࣥࠊ2㸫࣓ࢳࣝ࣌ࣥ
ࢱࣥࠊ3㸫࣓ࢳࣝ࣌ࣥࢱࣥࠊࢩࢡࣟ࣊࢟ࢧࣥ㸧࡟ᑐࡋ࡚ࠊ
㸦㸯㸧 ⎔≧ศᏊࡢࢩࢡࣟ࣊࢟ࢧࣥࡢㄏ㟁⋡⹫㒊ࢫ࣌ࢡࢺࣝࡣࠊ50 cm-1௜㏆࡟ࣈࣟ
࣮ࢻ࡞ࣆ࣮ࢡࢆ♧ࡍ୍ࠋ ᪉ࠊ┤㙐≧ศᏊ㸦n㸫࣊࢟ࢧࣥࠊ2㸫࣓ࢳࣝ࣌ࣥࢱࣥࠊ
3㸫࣓ࢳࣝ࣌ࣥࢱࣥ㸧࡛ࡣࠊ100 cm-1௜㏆࡟ࣈ࣮ࣟࢻ࡞ࣆ࣮ࢡࢆᣢࡘࠋ
㸦㸰㸧 ┤㙐≧ศᏊ࡛ࡶࠊᯞศ࠿ࢀࡢ఩⨨ࡀ␗࡞ࡿ࡜ࠊ50 cm-1ࡼࡾࡶప࿘Ἴᩘ㡿ᇦ
ࡢࢫ࣌ࢡࢺࣝᙧ≧ࡀ␗࡞ࡿࠋ≉࡟ࠊ㠀ᑐ⛠ࡢ఩⨨࡟࣓ࢳࣝᇶࡢᯞศ࠿ࢀࢆࡶ
ࡘ 2㸫࣓ࢳࣝ࣌ࣥࢱࣥࡣࠊ࿘Ἴᩘࡀపࡃ࡞ࡿ࡟ᚑࡗ࡚ㄏ㟁⋡⹫㒊ࡢ್ࡀ኱ࡁ
ࡃቑຍࡍࡿࠋ
㸦㸱㸧 3㸫࣓ࢳࣝ࣌ࣥࢱࣥࡣࠊ2㸫࣓ࢳࣝ࣌ࣥࢱࣥ࡜ྠᵝ࡟࣓ࢳࣝᇶࡢᯞศ࠿ࢀࢆᣢ
ࡘࡀࠊప࿘Ἴᩘ㡿ᇦࡢㄏ㟁⋡⹫㒊ࡣ 2㸫࣓ࢳࣝ࣌ࣥࢱࣥࡼ࠺࡟ప࿘Ἴᩘ࡛኱
ࡁࡃቑຍࡍࡿࡇ࡜࡞ࡃࠊᯞศ࠿ࢀࡢ࡞࠸ n㸫࣊࢟ࢧࣥࡢࡑࢀ࡟㏆࠸ࢫ࣌ࢡࢺ
ࣝᙧ≧ࢆࡶࡘࠋ
ࡇ࡜ࡀࢃ࠿ࡗ࡚࠸ࡿ[1]ࠋࡇࢀࡽࡢࡇ࡜࠿ࡽࠊศᏊᙧ≧ࡸ࣓ࢳࣝᇶࡢᯞศ࠿ࢀࡢ఩⨨࡟㛵
ࡍࡿศᏊᵓ㐀ࡢᑐ⛠ᛶ࡜ࠊࢸࣛ࣊ࣝࢶ㡿ᇦࡢࢫ࣌ࢡࢺࣝࡀ┦㛵ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀ
࡚࠸ࡿࠋ
ᮏ◊✲࡛ࡣࠊศᏊືຊᏛ㸦MD㸧ἲ[2,3]ࢆ⏝࠸࡚ࠊࢸࣛ࣊ࣝࢶ㡿ᇦࡢࢫ࣌ࢡࢺࣝ࡜ศᏊ
ᵓ㐀࡜ࡢᚤどⓗ┦㛵࡟ࡘ࠸࡚ㄪ࡭ࡓࠋn㸫࣊࢟ࢧࣥࠊ2㸫࣓ࢳࣝ࣌ࣥࢱࣥࠊࢩࢡࣟ࣊࢟ࢧ
ࣥ㸦ᅗ 㸧࡟ᑐࡋ࡚ MD ィ⟬ࢆ⾜࠸ࠊࢸࣛ࣊ࣝࢶ㉥እ྾཰ࢫ࣌ࢡࢺࣝ࡜ࢸࣛ࣊ࣝࢶ㡿ᇦ
ࡢ≧ែᐦᗘࢆィ⟬ࡋࡓࠋࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥᚓࡽࢀࡓࡇࢀࡽࡢࢫ࣌ࢡࢺࣝ࡜ࠊᐇ ࡉࢀ
ࡓࢸࣛ࣊ࣝࢶㄏ㟁⋡⹫㒊ࡢࢫ࣌ࢡࢺࣝࡢẚ㍑ࢆ⾜ࡗࡓࠋ
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ᅗ  㣬࿴Ⅳ໬Ỉ⣲ࡢศᏊᵓ㐀㸸(a) n㸫࣊࢟ࢧࣥࠊ(b) 2㸫࣓ࢳࣝ࣌ࣥࢱࣥࠊ(c) ࢩࢡࣟ࣊࢟ࢧࣥ
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㸰㸬ᐇ㦂
㻌 ᖖ ࣭ᖖᅽ࡛ ᐃࡋࡓ n㸫࣊࢟ࢧࣥࠊ2㸫࣓ࢳࣝ࣌ࣥࢱࣥࠊࢩࢡࣟ࣊࢟ࢧࣥࡢࢸࣛ࣊ࣝ
ࢶࢫ࣌ࢡࢺࣝ࡜ẚ㍑ࢆ⾜࠺ࡓࡵࠊᅽຊࢆ 1 Ẽᅽࠊ ᗘࢆ 300 KࠊศᏊᩘࢆ 100 ศᏊ୍࡛
ᐃ࡟ࡋࡓ NPT ࢔ࣥࢧࣥࣈࣝ MD ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓࠋỈ⣲ཎᏊࡣ௚ࡢཎᏊ࡜ẚ
࡭㠀ᖖ࡟㧗㏿࡛㐠ືࡍࡿࡓࡵࠊ㣬࿴Ⅳ໬Ỉ⣲ࡢ C㸫H ఙ⦰᣺ື㸦2840 ~ 3000 cm-1㸧࡞࡝
ࡢỈ⣲ཎᏊࡢ㐠ືࢆ┤᥋෌⌧ࡍࡿ࡟ࡣࠊ㠀ᖖ࡟ᑠࡉ࡞᫬㛫Ⓨᒎᖜ㸦ࢱ࢖࣒ࢫࢸࢵࣉ㸧࡛
MD ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜࠺ࡇ࡜ࡀᚲせ࡜࡞ࡾࠊࢼࣀ⛊⛬ᗘࡢ MD ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ
⾜࠺࡟ࡣ㠀ᖖ࡟ከࡃࡢ᫬㛫ࢆせࡍࡿࠋᮏ◊✲࡛ࡣࠊࢸࣛ࣊ࣝࢶ㡿ᇦ࡟࠶ࡽࢃࢀࡿศᏊഃ
㙐ࡸศᏊ඲యࡢ㐠ື࡟╔┠ࡍࡿࡓࡵࠊᮏࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥࡣỈ⣲ཎᏊࢆྵࡴ໬Ꮫ⤖ྜ
ࡢ⤖ྜ㛗ࢆᣊ᮰ࡍࡿ SHAKE ἲࢆ⏝࠸࡚ィ⟬ࢆ⾜࠸ࠊィ⟬㔞ࢆ㍍ῶࡋࡓࠋศᏊຊሙࢹ࣮
ࢱ࣮࣋ࢫ࡟ࡣ OPLS㸫AA 05[4]ࢆ౑⏝ࡋࡓࠋࡑࢀࡒࢀࡢศᏊ⣔ࡢ MD ィ⟬ࡣࢱ࢖࣒ࢫࢸ
ࢵࣉ࡛ 0.001ps ࡛⾜࠸ࠊ඲᫬㛫࡛ 1000 ps ࡢ᫬㛫Ⓨᒎࢆィ⟬ࡋࡓࠋ
 ⮬ᕫᣑᩓಀᩘ D ࡣࠊḟࡢᘧ࠿ࡽィ⟬ࡋࡓࠋ
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 ࡲࡓࠊ྾཰ࢫ࣌ࢡࢺࣝD(Z)ࡣࠊḟࡢᘧࢆ⏝࠸࡚ィ⟬ࡋࡓ [5-7] ࠋ
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ࡇࡇ࡛ࠊZ ࡣゅ࿘Ἴᩘࠊn(Z) ࡣᒅᢡ⋡ࠊV ࡣయ✚ࠊM(t)ࡣ඲཮ᴟᏊ࣮࣓ࣔࣥࢺ࡛࠶ࡿࠋ
H0, ƫ, c, E ( = 1 / kBT ) ࡣࠊ㏻ᖖࡢ≀⌮ᐃᩘ࡛࠶ࡿࠋ඲཮ᴟᏊ࣮࣓ࣔࣥࢺࡢ⮬ᕫ┦㛵㛵ᩘࡢ
ࣇ࣮࢚ࣜኚ᥮ࠊࡘࡲࡾࠊ⥺ᙧ㛵ᩘ IMM(Z)ࡣࠊ
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 ᣺ື≧ែᐦᗘ (vibrational density of state, VDOS) G(Z)ࡣࠊḟࡢᘧࢆ⏝࠸࡚ィ⟬ࡋࡓࠋ
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ࡇࡇ࡛ࠊvj(t) ࡣ j ␒┠ࡢཎᏊࡢ㏿ᗘ࡛࠶ࡿࠋ᣺ື≧ែᐦᗘࡣࠊࡍ࡭࡚ࡢཎᏊ࡟ᑐࡍࡿ㏿
ᗘ⮬ᕫ┦㛵㛵ᩘࡢࣇ࣮࢚ࣜኚ᥮ࡋࡓࢫ࣌ࢡࢺࣝ࡟ẚ౛ࡍࡿࠋ
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䠏䠊㻌 ⤖ᯝ䛸⪃ᐹ㻌
䠏䠊䠍㻌 㻹㻰 䝅䝭䝳䝺䞊䝅䝵䞁䛾ホ౯㻌
ࢩ࣑࣮ࣗࣞࢩࣙࣥ࠿ࡽᚓࡽࢀࡓࠋn㸫࣊࢟ࢧࣥࠊࢩࢡࣟ࣊࢟ࢧࣥࠊ2㸫࣓ࢳࣝ࣌ࣥࢱࣥ
ࡢᐦᗘ࡜ᣑᩓಀᩘࢆ⾲㸯࡟♧ࡍࠋࡲࡓࠊẚ㍑ࡢࡓࡵࠊࡇࢀࡽࡢᩥ⊩್ࡶేࡏ࡚⾲ 1࡟♧
ࡍ[8,9]ࠋᐦᗘࡢᐇ㦂್࡜ࡢㄗᕪࡣ᭱኱࡛ 2.5㸣࡛࠶ࡾࠊᣑᩓಀᩘࡢᐇ㦂್࠿ࡽࡢㄗᕪࡣ᭱
኱࡛ 34.7㸣࡛࠶ࡿࠋᮏࢩ࣑࣮ࣗࣞࢩࣙࣥࡣࠊ㟼ⓗ≀ᛶ್࡛࠶ࡿᐦᗘ࡜ືⓗ≀ᛶ್࡛࠶
ࡿᣑᩓಀᩘࢆ෌⌧࡛ࡁ࡚࠸ࡿ࡜࠸࠼ࡿࠋࡼࡗ࡚ࠊMDࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥᚓࡽࢀࡓࢸࣛ
࣊ࣝࢶ㉥እ྾཰ࢫ࣌ࢡࢺࣝ࡜ࢸࣛ࣊ࣝࢶ㡿ᇦࡢ≧ែᐦᗘࢆࠊᐇ ࡢࢸࣛ࣊ࣝࢶࢫ࣌ࢡࢺ
ࣝ࡜ẚ㍑ࡋ࡚㆟ㄽࡍࡿࡇ࡜ࡀጇᙜ࡛࠶ࡿࠋ
⾲  ᐦᗘ࡜ᣑᩓಀᩘ
n㸫࣊࢟ࢧࣥ ࢩࢡࣟ࣊࢟ࢧࣥ 2㸫࣓ࢳࣝ࣌ࣥࢱࣥ
U / g cm-3 D / m2 s-1 U / g cm-3 D / m2 s-1 U / g cm-3 D / m2 s-1
ᩥ⊩್ 0.654 4.0×10-9 0.773 1.5×10-9 0.648 4.6×10-9 
ィ⟬್ 0.638 3.3×10-9 0.753 1.0×10-9 0.647 3.0×10-9 
䠏䠉䠎䠊㻹㻰 䝅䝭䝳䝺䞊䝅䝵䞁䛛䜙ィ⟬䛥䜜䛯⥺ᙧ㛵ᩘ㻌
ᅗ 2 ࡟ࠊMD ࢩ࣑࣮ࣗࣞࢩࣙࣥࡢ⤖ᯝ࠿ࡽィ⟬ࡋࡓࠊn㸫࣊࢟ࢧࣥࠊࢩࢡࣟ࣊࢟ࢧࣥࠊ
2㸫࣓ࢳࣝ࣌ࣥࢱࣥࡢ⥺ᙧ㛵ᩘ IMM(Z)ࢆ♧ࡍࠋࡍ࡭࡚ࡢ㣬࿴Ⅳ໬Ỉ⣲ࡢ⥺ᙧ㛵ᩘࡣࠊࢸ
ࣛ࣊ࣝࢶ㡿ᇦ࡟ⓑⰍⓗ࡞ᛂ⟅ࢆ♧ࡋ࡚࠸ࡿࠋࡇࢀࡣࠊMD ࢩ࣑࣮ࣗࣞࢩࣙࣥ࠿ࡽᚓࡽࢀ
ࡓ඲཮ᴟᏊ⮬ᕫ┦㛵㛵ᩘࡀᩘ 10 fs ࡢ⦆࿴᫬㛫࡛ῶ⾶ࡋ࡚࠸ࡿ࠿ࡽ࡛࠶ࡿࠋࡑࡢ⤖ᯝࠊ
⥺ᙧ㛵ᩘࡣࠊప࿘Ἴᩘ㡿ᇦ࠿ࡽࠊ⦆࿴᫬㛫ࡢ㏫ᩘࠊࡘࡲࡾࠊᩘ 10 THz㸦ᩘ 1000 cm-1㸧
ࡲ࡛ࡢⓑⰍⓗ࡞ᛂ⟅ࢆ♧ࡍࠋ྾཰ࢫ࣌ࢡࢺࣝࡀ⥺ᙧ㛵ᩘ࡟ẚ౛ࡍࡿࡢ࡛ࠊ྾཰ࢫ࣌ࢡࢺ
ࣝࡶప࿘Ἴᩘ㡿ᇦ࠿ࡽ୰㉥እ㡿ᇦ࡟࠾ࡼࡪ㐃⥆ⓗ࡞྾཰ᖏࡀᏑᅾࡍࡿࡇ࡜࡟࡞ࡿࠋࡋ࠿
ࡋࠊᅗ 3 ࡟♧ࡍࡼ࠺࡟ࠊᐇ ࡉࢀࡓ n㸫࣊࢟ࢧࣥࠊ2㸫࣓ࢳࣝ࣌ࣥࢱࣥࠊࢩࢡࣟ࣊࢟ࢧ
ࣥࡢࢸࣛ࣊ࣝࢶㄏ㟁⋡⹫㒊ࡢࢫ࣌ࢡࢺ࡛ࣝࡣࠊࣈ࣮ࣟࢻ࡞ࣆ࣮ࢡࡸࠊప࿘Ἴᩘഃࡢᛴ⃭
࡞ᛂ⟅ࡢቑຍ࡞࡝ࡀほ ࡉࢀ࡚࠸ࡿࠋࡘࡲࡾࠊᵓ㐀ࢆࡶࡗࡓࢫ࣌ࢡࢺࣝ⥺ᙧࢆࠊMD ࢩ
࣑࣮ࣗࣞࢩ࡛ࣙࣥ෌⌧ࡍࡿࡇ࡜ࡀ࡛ࡁ࡚࠸࡞࠸ࠋ
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ᅗ  MDࢩ࣑࣮ࣗࣞࢩࣙࣥ࠿ࡽᑟฟࡋࡓ㣬࿴Ⅳ໬Ỉ⣲ࡢ⥺ᙧ㛵ᩘࠋ
ᅗ  ࢸࣛ࣊ࣝࢶ㡿ᇦࡢ」⣲ㄏ㟁⋡⹫㒊ࡢࢫ࣌ࢡࢺࣝ㸦ᐇ ࢹ࣮ࢱ㸧ࠋ

䠏䠉䠏䠊㻹㻰 䝅䝭䝳䝺䞊䝅䝵䞁䛛䜙ィ⟬䛥䜜䛯᣺ື≧ែᐦᗘ㻌
ᅗ 4 ࡟ࠊMD ࢩ࣑࣮ࣗࣞࢩࣙࣥࡢ⤖ᯝ࠿ࡽィ⟬ࡋࡓࠊn㸫࣊࢟ࢧࣥࠊࢩࢡࣟ࣊࢟ࢧࣥࠊ
2㸫࣓ࢳࣝ࣌ࣥࢱࣥࡢつ᱁໬ࡋࡓ㏿ᗘ⮬ᕫ┦㛵㛵ᩘࢆ♧ࡍࠋࢩࢡࣟ࣊࢟ࢧࣥࡢ㏿ᗘ⮬ᕫ
┦㛵㛵ᩘࡣ 0.4 ps ௜㏆࡛᭱ᑠ್ࢆࡶࡕࠊ1 ps ⛬ᗘࡢ᣺ືᡂศࡀᏑᅾࡍࡿࡇ࡜ࡀศ࠿ࡿࠋ
୍᪉ࠊn㸫࣊࢟ࢧࣥࡸ 2㸫࣓ࢳࣝ࣌ࣥࢱࣥࡢ㏿ᗘ⮬ᕫ┦㛵㛵ᩘࡣࠊࢩࢡࣟ࣊࢟ࢧࣥࡢࡑ
ࢀ࡜ẚ㍑ࡋ࡚ࠊ᣺ືᡂศࡀᑠࡉࡃࠊࡲࡓࡑࡢ࿘ᮇࡣ኱ࡁࡃ࡞ࡗ࡚࠾ࡾࠊ⦆࿴ࡀ୺࡞ᐤ୚
࡜࡞ࡗ࡚࠸ࡿࠋ
ᅗ 5 ࡟ࠊᅗ 4 ࠿ࡽィ⟬ࡋࡓ᣺ື≧ែᐦᗘࢆ♧ࡍࠋࢩࢡࣟ࣊࢟ࢧࣥࡢ᣺ື≧ែᐦᗘ࡟ࠊ
30 cm-1 ௜㏆࡟ࣈ࣮ࣟࢻ࡞ࣆ࣮ࢡࡀ⾲ࢀ࡚࠸ࡿࠋࡇࢀࡣࠊࢩࢡࣟ࣊࢟ࢧࣥࡢ㏿ᗘ⮬ᕫ┦
㛵㛵ᩘ࡟ぢࡽࢀࡓࠊ1 ps ⛬ᗘࡢ᣺ືᡂศ࡟㉳ᅉࡍࡿ୍ࠋ ᪉ࠊn㸫࣊࢟ࢧࣥࡸ 2㸫࣓ࢳࣝ࣌
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ࣥࢱ࡛ࣥࡣࠊ㏿ᗘ⮬ᕫ┦㛵㛵ᩘࡢ୺࡞ᡂศࡀ⦆࿴࡛࠶ࡗࡓࡇ࡜ࢆ཯ᫎࡋࡓࢹࣂ࢖ᆺࡢࢫ
࣌ࢡࢺࣝ⥺ᙧࢆ♧ࡍࠋ
ᅗ  MD ࢩ࣑࣮ࣗࣞࢩࣙࣥ࠿ࡽᑟฟࡋࡓ㣬࿴Ⅳ໬Ỉ⣲ࡢ㏿ᗘ⮬ᕫ┦㛵㛵ᩘࠋ
ᅗ  MD ࢩ࣑࣮ࣗࣞࢩࣙࣥ࠿ࡽᑟฟࡋࡓ㣬࿴Ⅳ໬Ỉ⣲ࡢ᣺ື≧ែᐦᗘࠋ
 ᣺ື≧ែᐦᗘ㸦ᅗ 5㸧࡜ᐇ ࡋࡓࢸࣛ࣊ࣝࢶㄏ㟁⋡⹫㒊ࡢࢫ࣌ࢡࢺࣝ㸦ᅗ 3㸧ࢆẚ㍑
ࡍࡿ࡜ࠊࢸࣛ࣊ࣝࢶ㡿ᇦ࡟࠶ࡽࢃࢀࡿࢩࢡࣟ࣊࢟ࢧࣥࡢࣈ࣮ࣟࢻ࡞ࣆ࣮ࢡࡣࠊMD ࢩ࣑
࣮ࣗࣞࢩ࡛ࣙࣥẚ㍑ⓗࡼࡃ෌⌧࡛ࡁ࡚࠸ࡿࠋࡋ࠿ࡋࠊ2-࣓ࢳࣝ࣌ࣥࢱࣥࡢ」⣲ㄏ㟁⋡ࡢ
⹫㒊࡟ᑐࡋ࡚ࠊప࿘Ἴᇦ࡟ぢࡽࢀࡿ኱ࡁ࡞྾཰ቑຍࢆ෌⌧ࡍࡿࡇ࡜ࡣ࡛ࡁ࡚࠸࡞࠸ࠋࡲ
ࡓࠊ┤㙐≧ศᏊࡢ n㸫࣊࢟ࢧࣥ࡜ 2㸫࣓ࢳࣝ࣌ࣥࢱࣥࡢ」⣲ㄏ㟁⋡ࡢ⹫㒊ࢫ࣌ࢡࢺࣝࡢ
ᕪ␗ࡣࠊ᣺ື≧ែᐦᗘ࡛ࡣ඲ࡃㄝ᫂ࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࠋ
 ᮏ◊✲࡛౑⏝ࡋࡓຊሙ࡛ࡣࠊỈ⣲ཎᏊࡢ㟁Ⲵ࡜ࡋ࡚ࠊ0.06 ಸࡢ㟁Ⲵ⣲㔞 ( + 0.06 e )
ࡀ୍ᚊ࡟๭ࡾ୚࠼ࡽࢀ࡚࠸ࡿࠋࡲࡓࠊⅣ⣲ཎᏊࡢ㟁ⲴࡣࠊⅣ⣲ཎᏊ࡜ࡑࢀ࡟┤᥋⤖ྜࡋ
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࡚࠸ࡿỈ⣲ཎᏊࡢ⥲㟁Ⲵࡀᡴࡕᾘࡋྜ࠺ࡼ࠺࡟୚࠼ࡽࢀ࡚࠸ࡿࠋࡘࡲࡾࠊⅣ⣲ཎᏊࡢ㟁
Ⲵࡣࠊ┤᥋⤖ྜࡋ࡚࠸ࡿỈ⣲ཎᏊࡢಶᩘ n ࡜Ỉ⣲ཎᏊࡢ㟁Ⲵ( + 0.06 e )ࡢ✚ࡢ➢ྕࢆ཯
㌿ࡉࡏࡓ㟁Ⲵ࡟➼ࡋ࠸(㸫0.06 e u n )ࠋࡑࡢ⤖ᯝࠊ㙐≧ࡢ࢔ࣝ࢝ࣥࡢ➃ࡢ㒊ศ (㸫CH3)࡜
࣓ࢳࣞࣥ㒊ศ(㸫CH2㸫)ࡢ CH ᇶ࡟ᑐࡋ࡚ࠊC㸫H ࡢ཮ᴟᏊ࣮࣓ࣔࣥࢺࡣྠࡌ኱ࡁࡉ࡟࡞
ࡿࠋ཮ᴟᏊࡢ኱ࡁࡉࡀᆒ୍࡛࠶ࡾࠊ࠿ࡘࠊࡑࢀࡒࢀࡢ CH ᇶࡀศᴟࡋ࡞࠸ࡇ࡜࠿ࡽࠊCH
ᇶࡢ཮ᴟᏊ࣮࣓ࣔࣥࢺࡀࣛࣥࢲ࣒࡞᪉ྥࢆྥࡁࠊࡑࡢ⤖ᯝࠊ⣔඲యࡢ཮ᴟᏊࡢ኱ࡁࡉࡀ
ᐇ㝿ࡼࡾᑠࡉࡃぢ✚ࡶࡽࢀࠊ࢔ࣝ࢝ࣥࡢᐇ ࡋࡓࢸࣛ࣊ࣝࢶㄏ㟁⋡⹫㒊ࡢࢫ࣌ࢡࢺࣝࡀ
෌⌧࡛ࡁ࡞࠿ࡗࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋࡇࡢၥ㢟ࢆゎỴࡍࡿࡓࡵ࡟ࡣࠊ㔞Ꮚ໬Ꮫィ⟬࡟ࡼ
ࡗ࡚ࠊ
㸦㸯㸧ྛ ཎᏊࡢṇ☜࡞㟁Ⲵ㔞ࢆ࡜ࡾ࠸ࢀࡓຊሙ
㸦㸰㸧CH ᇶࡢศᴟຠᯝࢆ࡜ࡾ࠸ࢀࡓຊሙ
ࡢᨵⰋࢆ⾜࠺ࡇ࡜ࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ
㻡䚸⤖ㄽ㻌
ᮏ◊✲࡛ࠊࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศගἲ࡛ᚓࡽࢀࡓ㣬࿴Ⅳ໬Ỉ⣲ࡢࢫ࣌ࢡࢺࣝࡢ྾཰࡜
ศᏊᵓ㐀࡜ࡢ┦㛵࡟㛵ࡋ࡚ࠊMDࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⏝࠸࡚ㄪ࡭ࡓࠋ
 MDࢩ࣑࣮ࣗࣞࢩࣙࣥ࠿ࡽࠊ⎔≧࡟࡞ࡿ࡜᣺ືⓗ᣺ࡿ⯙࠸ࡀ⌧ࢀࠊࢸࣛ࣊ࣝࢶ㡿ᇦ࡟
ࣈ࣮ࣟࢻ࡞ࢫ࣌ࢡࢺࣝᙧ≧ࢆ୚࠼ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋࡓࡔࡋࠊ┤㙐࢔ࣝ࢝ࣥࡢᯞศ࠿
ࢀᵓ㐀࡟౫Ꮡࡋࡓࢸࣛ࣊ࣝࢶㄏ㟁ࢫ࣌ࢡࢺࣝࡢᕪ␗ࡣࠊ⌧᫬Ⅼ࡛ࡣ෌⌧ࡍࡿࡇ࡜ࡀ࡛ࡁ
࡞࠿ࡗࡓࠋ௒ᚋࠊ㔞Ꮚ໬Ꮫィ⟬࡟ࡼࡗ࡚ࠊຊሙࢆᨵⰋࡋࡓ MD ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜
࠺ᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ
㻌
ཧ⪃ᩥ⊩㻌
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